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Statement of Disclaimer  
Since this project is a result of a class assignment, it has been graded and accepted as fulfillment 
of the course requirements. Acceptance does not imply technical accuracy or reliability. Any 
use of information in this report is done at the risk of the user. These risks may include 
catastrophic failure of the device or infringement of patent or copyright laws. California 
Polytechnic State University at San Luis Obispo and its staff cannot be held liable for any use or 
misuse of the project.  
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1.0          Executive Summary 
 
The purpose of this scope of work is to outline the progress of the Virtual Stethoscope design and 
development project as sponsored by House Calls Mobile. This device looks to provide accessible at-
home care for patients all over the country through the mobile phone stethoscope attachment. With the 
virtual stethoscope technology, patients will be able to perform high-quality, in-home observation of 
heart, stomach, and lung sounds to be transmitted to a physician in real time. Eliminating the need to 
travel to a doctor’s office encourages patients to perform more regular checkups, increasing their 
likelihood potentially of life-saving early diagnoses. This project works in conjunction with the Virtual 
Otoscope project group, which is developing the otoscope attachment which will be located on the 
backside of the stethoscope head. The specific scope of this project focuses on improvement of the audio 
quality necessary for the physician to hear clear, concise sounds over the video call. 
 
 
2.0          Introduction and Background 
 
2.1.  Introduction 
The Virtual Stethoscope is a disposable stethoscope head with an embedded unidirectional 
microphone intended for use on the patient, by the patient. With the mobile phone attachment, the patient 
is able to use this device on themselves from the comfort of their home, with the presence and guidance 
of a medical provider over live video chat. This provides the opportunity for important prescriptions and 
diagnoses without the need for a trip to the doctors. This project aims to develop a stethoscope design 
that provides clear amplification of heart, lung, and stomach sounds for the physician. The broader goal 
involves accomplishing a design that allows clinicians to make remote diagnoses in a cost and time 
efficient manner, with a strong focus on improving sound quality of the audio technology. The following 
sections will discuss the development of the device in terms of the background and needs of the 
customer, design specifications, stage gate process, prototype development, design of experiments, and 
overall project plan. 
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2.2 Background 
 
2.2.1  Customer Meetings 
The action of driving to the doctor’s office to for a quick visit can be considered a bit of an 
oxymoron. Many patients put off going to the doctor’s office when confronted with a medical issue due 
to the expensive and time-consuming nature of the process. 24.1% of people who avoid the doctor’s 
office do so because of high cost and 15.6% do so because of time constraints [1]. Unfortunately, failure 
to receive regular checkups is failure to address potentially serious medical issues that may need 
immediate attention. A health issue is often recognizable by a physician's observation before the patient 
feels its effect. House Calls Mobile looks to increase the rate of medical checkups by providing fast, 
affordable in-home care to patients with the aid of the Virtual Stethoscope.  
 
2.2.2  Existing Designs 
Many products currently attempt to mobilize the stethoscope to increase detection rates by 
eliminating the traveling currently required to receive a stethoscope check up by a professional. For 
example, the STETHIO takes advantage of machine learning by attaching a stethoscope to an iPhone and 
transmitting sounds through programmed software to analyze health. This product allows doctors to 
record and share heart and lung sounds to reference at a later date or send to other professionals for 
analysis [2]. Similarly, HeartBuds is a device designed for professionals and inexperienced people alike. 
It allows them to link the listening device to their phone and visualize heart and lung sounds much like a 
stethoscope [3]. Researchers at Oxford University have developed a prototype device that can connect to 
any low-cost mobile phone (non-smartphones included) and utilizes the phone’s microphone and an 
attached stethoscope to monitor heart and lungs sounds of people in low-income regions where 
tuberculosis is prevalent [4]. Other companies, like iStethoscope, have developed an app that turns the 
iPhone into a stethoscope using no external hardware other than a pair of headphones with a microphone. 
Their app allows you to record the heart sounds and send them out, however, there have been complaints 
of low sound quality and poor sensitivity [5]. In a different realm, the Eco Core stethoscope attachment 
is a small device that attaches to any stethoscope and records the sounds, transmitting them to a 
smartphone via bluetooth. The Eco Core app allows professionals to visualize, share and annotate the 
recordings. However, the Core device is expensive, costing $200, and designed for medical practitioners 
as opposed to non-professions, thus all the skill of operating and placing a stethoscope is still required 
[6]. Although the mobilization of stethoscope care is becoming more common, no current products 
combine the mobile stethoscope with live doctor care and their consequent prescriptions or diagnoses. 
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2.2.3  Related Patents 
Many of the companies above as well as several startups have patented specific aspects of their 
stethoscope design. Table 1 describes and references a few of theses related patents. 
 
 
Table 2.2.3.1: Patent Search Results 
Device Name Description Patent Number 
The Smart Stethoscope 
WO2016206704A1 
The smart stethoscope affords the 
first Auscultation Diagnoses 
Coupling not dependent on operator 
and dependent on machine learning 
model 
WO2016206704A1 
Wireless Stethoscope Wireless sensors are enclosed in 
disposable pads, wireless 
stethoscope detects pulmonary 
sounds and cardiac sounds, allowing 
the user to monitor one or the other 
without interference. 
US15955938 
 
Novel Electronic Stethoscope The electronic stethoscope is 
designed to minimize the influence 
of the various types of noise while 
optimizing auscultation of the 
sounds of interest, and to enable a 
cardiologist to auscultate 
mechanical heart valves. 
WO1994013206A1 
Mobile Device-Based Stethoscope  A portable stethoscope transmitting 
sound data from a stethoscope to a 
mobile device. 
14/152278 
Multimedia Adapter to an 
Acoustic Stethoscope 
A multimedia acoustic stethoscope 
that has look and feel of a 
conventional acoustic stethoscope 
but allows a medical practitioner to 
transmit sounds from stethoscope to 
a recording device 
US20040076303A1 
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2.2.4  Technical Literature 
Stethoscopes are used to listen to heart, lung, and intestinal sounds. When a sound occurs inside 
the body, the flat part of the stethoscope, referred to as the diaphragm, vibrates amplifying the sound and 
transmitting to the doctor’s ears. A more recent wave of stethoscope modification has introduced the 
electronic stethoscope which utilizes acoustic sensor design which converts the analog sounds to digital 
allowing the user to process and analyze the results [7]. Because of the use of microphones and software 
to amplify the electrical signal sounds artifacts and cutoffs cannot all be filtered out causing some 
doctors to have avoided the conversion to electronic stethoscopes [8]. However, a study performed in 
2018 by Silverman and Balk demonstrated that electronic stethoscopes were determined to have superior 
sound quality over acoustic stethoscopes 65% of the time [9]. With improving electronic stethoscopes, 
the need for accessibility to these stethoscopes is increasing. With an aging demographic in the US, 
occurrences of diseases such as Dementia and the ability for these patients to travel to the doctor is 
waning. This is opening up a large market need for at home affordable smart-care [10]. In addition, in 
the event of a disaster, cheap and straightforward care to the populations affected. By digitizing certain 
aspects of healthcare relief can be provided and shipped in a more accessible and ubiquitous manner.  
Stethoscopes are being developed to function in capacities aside from the classical heart and 
lung sounds. A group from the University of Salford has developed a way to detect osteoporosis with an 
electronic stethoscope [11]. With the applications of electronic stethoscopes growing, making them more 
accessible and affordable will only increase medical care to the world. 
  
2.2.5  Industry Codes 
House Calls Mobile has begun to develop a Virtual Stethoscope that can be shipped to the patient 
and connects to a smartphone. The patient can interface with a doctor to allow them to hear the heart 
sounds and diagnose the patient from home. The following industry codes in Table 2 apply to this 
device: 
  
Table 2.2.5.1: Industry Codes for Virtual Stethoscope 
Code Purpose 
ISO 13485 Specifies requirements for medical devices in the 
United States 
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3.0          Customer Requirements and Design Specifications 
 
3.1  Customer Requirements 
Table 3.1.1 below displays the customer requirements laid out by sponsor in first meeting and in 
project description. 
 
Table 3.1.1 Customer Requirments 
Design Aspect  Description  
Geometry 50mm diameter stethoscope head attached to 3ft plug in 
cable for smartphones  
Signal Sounds received from stethoscope transmitted to analog 
electrical signals/digital signals, allowing physician 
analyzation of results 
Maintenance Disposable stethoscope requiring little to no 
maintenance 
Ergonomics Easy to use self-care device for patients with little to no 
medical experience. 
Safety Electronic stethoscope with no risk to patient health if 
failure occurs 
Costs Low cost stethoscope intended to be used worldwide  
Schedules Design freeze by March 22, 2019. Functioning 
prototype by June 2019 
 
 
3.2  IFU 
The mobile phone disposable stethoscope is intended for use in concierge medicine, for patients 
to perform high-quality, in-home observation of heart, lung, and stomach sounds with video supervision 
of a doctor. By improving microphone quality and filtering the incoming audio on the existing prototype 
the user and doctor will be able to comfortably hear sounds. This device will allow for a physician’s 
diagnosis and/or prescription of medication without the need for a doctor’s visit. 
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3.3  Product Design Specifications 
Table 3.3.1 below displays the customer requirements laid out by sponsor and corresponding 
engineering metrics to be measured during design and testing of device. 
 
Table 3.3.1 Design Specifications 
Customer 
Requirement 
Engineering Metric Specification Rational 
Output sound Measure of sound level- 
decibels 
>40 dB Output sound of <30 
dB cannot confirm that 
physician will hear all 
noises 
Transmit real-time 
data 
Time for data to reach 
phone display 
<400ms Highest Bluetooth 
audio latency is 400 ms 
Connected to 
smartphone 
(auxiliary 
connection) 
Fits and is recognized 
by phone  
3.5mm Audio Jack Allow connections 
between every mobile 
phone platform 
Lightweight Weight (grams) <230 g Full length disposable 
stethoscopes average 
55g. Heavy weight not 
ideal for elderly 
patients 
Durability  Force (N) device can 
withstand 
Withstand >20N Ensure no fracture or 
deformation with 
accidental 
drop/collision 
Range Specific 
Frequency  
Specific range of 
frequencies  
Within 25% of original 
signal when transmitted 
through video call 
Ensure no signal is 
being lost in 
transmission or filtering 
Functional Over 
Video Conference 
Audible Heart sounds can be 
heard over video call 
Ensure doctor can call 
patient and use device 
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3.4             House of Quality 
 
 
 
 
 
 
HOUSE OF 
QUALITY 
Correlation -       
+ = Positive + - +     
- = Negative  +   +   
 +  + - - +  
Improvement up up N/A down down down N/A 
Units dB dB N/A $ s lbs. N/A 
Customer 
Requirements 
Importance 
Technical 
Requirements 
Microphone 
Sensitivity 
Sound 
Output 
Metal 
Used 
Cost of 
Device 
Sound 
Time 
Delay 
Weight 
Device 
Color 
Customer Requirements #        
Disposable 3   3 2    
Inexpensive 4 2  2 3    
Good Sound Quality 5 3 3 2   2  
Light 1   2   3  
Usable by Customer 2  3   1 2  
Transmits Real Time 
Data 3 1    3   
Visually Appealing 1   1    2 
Durable 3   3   1  
         
Technical Requirements 
Importance  26 21 39 18 11 20 2 
Weighted Percent (%)  19.0 15.33 28.47 13.14 8.03 14.60 1.46 
Rank  2 3 1 5 6 4 7 
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3.4.1 Competitive Advantage Matrix 
 
Competitors StethIO HeartMate Virtual Stethoscope 
Disposable 1 1 4 
Inexpensive 1 2 5 
Good Sound Quality 5 1 3 
Light 2 5 4 
Usable by Customer 1 3 5 
Transmits Real Time Data 5 1 4 
Visually Appealing 5 3 4 
Durable 3 5 4 
    
 65 48 89 
 
 
 
 
4.0          Stage Gate Process 
 
 
4.1             Concept Review 
 
4.1.1  One-sided stethoscope possibly with low pass filter  
This option eliminates the bell side of the stethoscope to cut down on the noise entering through 
this region and being magnified by the microphone. The low pass filter would filter out the high 
frequency noises coming from voices and make low-frequency heart sounds more audible.  
 
 
 
Design/ 
Market 
Research 
Product 
Development 
Prototype 
Plan 
Prototype 
Testing 
Final Design 
 12 
4.1.2 Tactile transducer  
This option involves the implementation of a tactile transducer on the surface of the diaphragm 
of a stethoscope and eliminating the microphone. This transducer would translate the movements of the 
diaphragm into sounds heard through the headphones attached to the phone.  
 
4.1.3 Shotgun Microphone  
This option attaches a shotgun microphone to the base of the stethoscope. A shotgun microphone 
takes in sound in a directional matter so that surround noise does not make hearing heart-sounds 
difficult. This would not require additional filtering on the stethoscope sounds.  
 
 
4.2 Design Freeze 
 
4.2.1 Mechanical Build 
The group decided to move away from using the 3D printed model for the stethoscope head and 
instead clip a pre-manufactured stethoscope head into the otoscope design. Use of a pre-manufactured 
head mitigates the decreased audio quality arising from the poor acoustic nature of PLA. This design 
decision will also promote easier integration with a pediatrics bell per the request of House Calls Mobile. 
Pre-manufactured parts can be purchased and easily clipped onto back of otoscope. The current 
mechanical design accounts for the dimensions of an American Educational Aluminum One-Sided 
Stethoscope. A detachable cover was integrated to account for light that may enter the slot used to secure 
the stethoscope to ensure minimal light noise for the visual quality of the otoscope.  
 
4.2.2 Filter Design 
A low pass filter with 6 dB of amplification was designed to block out background noise. With a 
cutoff frequency of 2000 Hz this filter is implemented to allow all pertinent noise information to pass 
through to the user while filtering out distracting background noise. Figure 4.2.2.1 below shows the filter 
design. 
 
Figure 4.2.2.1 Low pass filter frozen design with cutoff frequency of 2 kHz 
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4.3 Design Review 
  
4.3.1 Evaluation of Design 
The purpose of our final design was to adhere to the approved patent design while also 
optimizing both sound and visual quality.  The design aspects in section 3.1 illustrate all customer 
specifications for stethoscope design. We believe our functional prototype fulfills these specifications 
and fixes the issues of our previous design to further the development of the product.  
 
5.0 Description of Final Prototype Design 
 
5.1  Overview 
  The final prototype design is comprised of one package including several detachable 
parts; a stethoscope head, main base, and otoscope attachment, which, when assembled, has the 
capability to connect to an iPhone X and transmit the audio or visual content from the device. The 
device also includes a circuit functioning as a low pass filter and op-amp to optimize sound quality 
while using the stethoscope and ensure voltage compatibility between the user’s phone, the 
microphone, and the physician’s phone. The concept behind the dual design is for a capped end to 
cover the otoscope side when the stethoscope is in use and an adhesive (for iPhone attachment) 
replacing the stethoscope side when the otoscope is in use. 
 
5.2  Design Justification 
  The final proposed prototype was designed to comply with the 2-in-1 
stethoscope/otoscope patent for House Calls Mobile.  Modifications made from the first design 
include creating a detachable stethoscope head that can be fitted onto the combined design to not 
restrict function capability. The decision for this modification was made based on the poor acoustic 
quality of the original material that yielded the insufficient sound quality. This design aligns with 
the project goal of improved audio quality by the stethoscope. 
   
5.3  Analysis 
  The previous stethoscope design was inadequate in detecting heart and lung sounds and 
in its transmission of sounds. This was due to both the microphone and the mechanical design of 
the stethoscope.  After testing the initial prototype, it was found that the placement of the 
microphone combined with the material enclosing the microphone yielded the poor sound quality.  
To fix this, the group decided to use a medical grade stethoscope head and design an electrical 
attachment that allows for integration of the microphone with the device.  In addition, we developed 
a device-specific low-pass filter and amplifier to enhance the audio quality of our microphone. This 
functions by filtering out sound frequencies above the normal frequencies of the heart and lung 
sounds and amplifying the desired frequencies for the end user to hear.  Making these modifications 
allowed us to distinctly hear both heart and lung sounds directly and through Bluetooth connection 
of headphones. 
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5.4  Cost Breakdown 
The cost breakdown in table 5.4.1 shows the approximate cost in producing one stethoscope with 
no mass production factored in. 
 
Table 5.4.1 Cost Breakdown 
Item Description Product Number Source 
Cost Per 
Unit 
Number of 
Units Total 
Lavalier Microphone 411349235 Mic-J $6.99 1 $6.99 
E600MV Epoxy 237032 
Allied Electronics 
and Automation $2.99 1 $2.99 
¼” Black PVC Tubing 46400 
US Plastic 
Corporation $0.53 2 $1.06 
Black 1.75 mm PLA 
Filament 10551 Monoprice $19.99 0.045 $0.90 
Solder Wire 1886 ADAFruit $6.95 0.05 $0.35 
Aluminum One-Sided 
Stethoscope Head 6147 
American 
Educational $5.99 1 $5.99 
0.1 uF Capacitor 399-14185-1-ND Digikey $0.17 2 $0.35 
470kOhm Resistor A102278CT-ND Digikey $0.33 4 $1.33 
220k Ohm Resistor 338-4082-1-ND Digikey $0.39 2 $0.79 
0.033uF Capacitor A103064CT-ND Digikey $0.53 2 $1.05 
1k Ohm Resistor A10222GCT-ND Digikey $0.14 3 $0.42 
220pF Capacitor PCF1445CT-ND Digikey $0.34 2 $0.69 
Coin Battery Retainer 36-3034CT-ND Digikey $0.37 1 $0.37 
3.5mm Conn Plug 
Stereo 839-1239-ND Digikey $3.15 1 $3.15 
Switch CKN9559-ND Digikey $0.39 1 $0.39 
IC Op Amp 
NCS2001SQ2T2G
OSCT-NT Digikey $0.70 1 $0.70 
PCB Custom Bay Area Circuits $1.41 1 $1.41 
Total $28.91 
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5.5  Safety Considerations 
When building and assembling device, the following safety hazards in table 5.5.1 must be taken 
into consideration and proper mitigations to limit hazard taken. 
 
Table 5.5.1 Hazard Mitigations 
Hazard in Building Mitigation 
Electric shock from wiring Wear protective gloves when working with wiring 
Eardrum damage from loud noise produced by 
device 
Ensure volume on phone starts at lowest value then is slowly 
increased 
RF interference with pacemaker on worker 
Ensure all working with electric wiring and testing do not have 
pacemaker or life-sustaining circuitry 
Inhalation of fumes from adhesive or solder Wear protective masks when working with glue 
Pinch point between stethoscope and microphone 
connection 
Hold all parts to be connected from the middle 
Burn when soldering Where protective gloves when soldering 
 
 
6.0 Prototype Development 
 
6.1  Model Analyses 
 
6.1.1  Low Pass Filter 
Figure 6.1.1.1b depicts the proposed low pass filter applied to the audio system on the Virtual 
Stethoscope with a cut off frequency of 2000 Hz. This filter will eliminate high frequency noises from 
the outside environment. A SPICE analysis was run on the proposed low pass filter to ensure the desire 
3dB cutoff frequency would be achieved. Figure 6.1.1.1a shows a graph of the results of the simulation. 
 
Figure 6.1.1.1 Low Pass Filter Simulation A) Results of simulation B) Circuit used in 
simulation with frequency cutoff of 2000 Hz 
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6.2 Evolution of Prototypes 
 
6.2.1  Dual-sided metal stethoscope head (bell and diaphragm) 
The dual sided stethoscope did not provide adequate sound quality. The rotating nature of the head 
allowed excess background noise to severely decrease clarity of sound. This stethoscope head also did 
not align with the budget of the project and could prove useful in meeting the goals of this project. 
 
Figure 8.0.a. Original dual-sided metal head prototype 
 
6.2.2  One-sided Disposable Diaphragm Stethoscope Head 
The one-sided diaphragm head proved more effective than the dual sided metal head. Though, the 
microphone that came with the existing prototype has no attached data sheet or specifications, therefore 
restricting the electrical analysis needed to develop the filter and op-amp circuit designs. Due to the 
excess background noise still being an issue, it was determined that the one-sided head would be 
integrated into the final design, but alterations to the material of the head and to the microphone had to 
be made. See figure 8.0.2.a below. 
 
Figure 8.0.2.a.  Diaphragm head of plastic, disposable stethoscope head featured with 
clear vinyl tubing connection 
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6.2.3 Diaphragm head with integrated Otoscope 
The next generation of the Virtual Otoscope prototype integrated the stethoscope head with the 
otoscope attachment. This prototype does generally represent the end goal of the stethoscope/otoscope 
collaboration, but still had several significant and crucial complications with the existing design 
regarding its effect on sound quality. For example, the addition of the open otoscope attachment to the 
back of the stethoscope provides the opportunity for much of the heart sounds to be lost through the 
opening. This opening also allowed unwanted background noise to infiltrate the direction the 
microphone is amplifying, therefore interrupting and decreasing the clarity of the important sounds. The 
final design of the prototype is expected to minimize infiltration of unwanted noises and to amplify the 
desired sounds from the body. In addition, the plastic used to 3D print this prototype does not exhibit 
good acoustic enhancing properties. After analysis of these obstacles, the group investigated low-cost 
materials that will insulate sound to an acceptable degree. See figure 8.0.3.a for reference. 
 
Figure 6.2.3.a Stethoscope prototype integrated with Virtual Otoscope part 
 
6.2.4 Integrated Stethoscope and Otoscope with base and detachable parts 
Total integration of stethoscope and otoscope parts were found to decrease sound quality of the 
stethoscope and visual quality of the otoscope. To mitigate the magnitude of these deficiencies, the most 
updated prototype design is intended to use with only one or the other at a time. The device will still 
align with the specifications of the patent as to be packaged together and be a ‘2-in-1’ device with 
seperate stethoscope and otoscope attachments for the main base. The stethoscope wiring was designed 
so that the sound quality no longer depends on the material it in contained in; this was a significant 
improvement towards optimization of audio quality through the stethoscope. For this reason, the 
otoscope attachment can remain on the back of the base while stethoscope is in use. However, when the 
otoscope is in use, a cap with adhesive will be attached to eliminate risk of light infiltration through the 
slot. 
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Figure 6.2.4a. Final stethoscope head prototype design with Virtual Otoscope attachment 
 
 
Figure 6.2.4c. Final low pass filter design with a frequency cutoff of 2000 Hz 
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6.3 Manufacturing Process 
 
Materials 
Aluminum One-Sided Stethoscope Head 3.5 mm TRRS to TRRS cable 
Epoxy PCB - Low Pass Filter fc=2000 Hz 
Black 1.75 mm PLA Filament ¼” ID Black PVC Tubing 
Lavalier Lapel Omnidirectional Condenser Microphone 
 
 
Tools 
Scissors Ruler 
3D Printer  
 
 
Part: Stethoscope/Otoscope Head 
Step Instructions Images 
1.1 Upload .stl file to 3D printer 
 
1.2 Print stethoscopehead.stl using default settings  
1.3 Print otoscope attachment using default settings  
1.4 Print speculum.stl using default settings  
Part: Filter Box Sub Assembly  
Step Instructions Images 
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2.1 Upload circuit box CAD design (See appendix) to 3D printer  
 
2.2 Print circuit box using 1.75 mm black PLA filament  
Part: Circuitry 
Step Instructions Images 
3.1 See low pass filter design in appendix  
3.2 Printing of circuit board outsourced to Bay Area Circuits  
Part: Microphone Assembly 
Step Instructions Images 
4.1 Cut PVC tubing to 24” length  
4.2 Boil 50 mL of water in 100 mL glass beaker  
4.3 Place rubber tubing in water for 30 s 
 
4.4 Remove tubing and holding the base of the microphone 
immediately screw microphone into heated end 
 
Part: Otoscope Assembly 
Step Instructions Images 
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5.1 Holding the notched end of the stethoscope towards your eyes 
place a thin circle of epoxy around ledge down barrel of 
otoscope 
 
5.2 Press lense into epoxy being careful to lay lense flat on 
otoscope surface 
 
5.3 Place a thin layer of epoxy around bottom base of otoscope 
 
5.4 Press speculum base into epoxy  
5.5 Let cure for 24 hours  
 
6.4 Lot History Record (LHR)  
 
Step Deviations Operator Name Operator Initials Date 
1 N/A Abigail Lindquist AL 5/1/19 
2 N/A Abigail Lindquist AL 5/1/19 
3 N/A Abigail Lindquist AL 5/1/19 
4 N/A Abigail Lindquist AL 5/1/19 
5 N/A Abigail Lindquist AL 5/1/19 
 
6.5 Divergence Between Final Design and Final Functional Prototype 
There were no deviations between our Final Design and our Final Functional Prototype.  
 22 
7.0  IQ/OQ/PQ  
 
The chosen design can be seen in figure 7.0.a. The team concluded that a unidirectional microphone 
to compliment the one-sided nature of the stethoscope head, paired with a low pass filter with a cut-off 
frequency of 2000 Hz will optimize sound quality of the device while maintaining a cost-effective, 
disposable design. The current manufacturing cost to produce this part is $28, while the bulk 
manufacturing estimation is around $7. See figure below. 
 
 
Figure 7.0.a. One sided stethoscope head with featured parts and materials 
 
7.1             Design of Experiments 
Table 7.1.1 below displays the proposed design of experiments for testing prototype. 
 
Table 7.1.1 Design of Experiments 
Engineering 
Metric 
Specification Test Method Test Apparatus 
Location 
Apparatus 
Experience / 
Training 
Sample 
Size 
Power 
Cost <$15 Part cost 
calculation 
Online Experienced 10 .95 
Output sound >10 dB Decibel meter EE labs Require 
training 
10 1.0 
Weight < .5 lb Scale BMED Lab Highly 
experienced 
10 .90 
Wire length < 6ft Yard stick BMED Lab None 10 .90 
Durability Withstand >20 N 
force 
Failure testing BMED Lab Experienced 10 .95 
Range Specific 
Frequency 
Within 25% of pure 
sound transmission 
in 0-20 Hz, 20-50 
Hz, 50-100 Hz, and 
100-200 Hz, 200-400 
Hz, 400-600 Hz, 
600-1000 Hz, and 
1000-2000 Hz  
 
In vitro model  
 
EE labs Require 
Training 
10 1.0 
 
 
 
 
 
 
 
Functional Testing Sound Production iPhone  Audio 
Engineering 
None 10 .95 
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7.2 Installation Qualification 
Table 7.2.1 below displays the parts used to build the virtual stethoscope and their source. See 
appendix for receipts verifying traceability to source. 
 
Table 7.2.1 IQ Table 
Item Description Product Number Source Use 
Lavalier Microphone 411349235 Mic-J Primary amplification of heart sounds 
E600MV Epoxy 237032 
Allied Electronics and 
Automation 
Connection from speculum to base and 
lense 
¼” Black PVC Tubing 46400 US Plastic Corporation 
Amplification of high frequency heart 
sounds and connection from stethoscope to 
microphone 
Black 1.75 mm PLA 
Filament 10551 Monoprice Manufacturing of otoscope base 
Solder Wire 1886 ADAFruit Connection of circuit components to PCB 
Aluminum One-Sided 
Stethoscope Head 6147 American Educational Amplification of heart sounds 
0.1 uF Capacitor 399-14185-1-ND Digikey Low-pass filter 
470kOhm Resistor A102278CT-ND Digikey Low-pass filter 
220k Ohm Resistor 338-4082-1-ND Digikey Low-pass filter 
0.033uF Capacitor A103064CT-ND Digikey Low-pass filter 
1k Ohm Resistor A10222GCT-ND Digikey Low-pass filter 
220pF Capacitor PCF1445CT-ND Digikey Low-pass filter 
Coin Battery Retainer 36-3034CT-ND Digikey Hold-in power source for low pass filter 
3.5mm Conn Plug 
Stereo 839-1239-ND Digikey Connection to low pass filter 
Switch CKN9559-ND Digikey On off of filter 
IC Op Amp 
NCS2001SQ2T2GOSC
T-NT Digikey Low-pass filter 
PCB Custom Bay Area Circuits Wiring of low pass filter 
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7.3 Verification and Validation 
 
7.3.1 Protocol 
 
Tools 
Meter Stick Matlab 
Decibel Meter Scale 
Computer  
 
 
1. Cost  
Materials: Computer 
Location: BMED 329 
Training: N/A 
Size: n=1 Power: 1.0 
Step Instructions 
1.1 Sum up cost of all parts and labor required to manufacture each device 
1.2 Ensure cost is below $15 
1.3 If cost is < $15 device passes 
Test Rationale 
To maximize market. 
 
If this product is expensive patients will be less likely to use it. By limiting the cost we ensure the maximum 
number of people can purchase the product and that access is easy and affordable for all. Because the intended 
use is for busy people who may not have time to go to the doctor we are ensuring that treatment is accessible and 
affordable. 
 
 
2. Output Sound 
Materials: Decibel meter 
Location: BMED 328 
Training: N/A 
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Size: n=10 Power: 0.9 
Step Instructions 
2.1 Turn phone up to maximum volume 
2.2 Hold stethoscope up to heart and position until the heart sounds come through most clearly 
2.3 Hold decibel meter directly in contact with the headphones 
2.4 Record the output decibels 
2.5 Ensure decibel output is > 20 dB at 0.5 in away 
Test Rationale 
To ensure sound is loud enough to hear. 
 
A person breathes at 10 dB and talks at 40 dB. If the output sound from the stethoscope is less than 20 dB it 
would be very difficult for the physician to hear the heart sounds of the patient using the device. This test ensures 
the microphone is set up properly and can pick up the sounds coming from the stethoscope. 
 
 
3. Weight 
Materials: Scale 
Location: 192-329 
Training: N/A 
Size: n=5 Power: 1.0 
Step Instructions 
3.1  Turn scale on and calibrate to zero with nothing on scale 
3.2 Place entire stethoscope assembly on scale and record weight 
3.3 Ensure weight is below 0.5 lbs 
Test Rationale 
To limit difficulty of use. 
 
A heavy stethoscope would be difficult to manipulate, and the user would be less likely to use it. Especially if the 
device is used by elderly or those with more limited muscle functionality, keeping the stethoscope under 0.5 lbs 
ensures that it can be easily held and maneuvered under instruction of the physician. 
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4. Wire Length 
Materials: Ruler 
Location: 192-329 
Training: N/A 
Size: n=10 Power: 1.0 
Step Instructions 
4.1 Straighten wire and tubing on top of a table 
4.2 Using a meter stick measure length of wire from end of stethoscope to tip of auxiliary connection 
4.3 Ensure length is below 3 ft 
Test Rationale 
To limit difficulty of use. 
 
Long lengths of wires can get tangled and become cumbersome. By limiting the wire length to 3 ft maximum we 
ensure the device can easily be used and held up while prohibiting frustrating and confusing wire knots. Because 
this device is intended for use in sick patients, these people are not operating at full capacity and dealing with 
knotted wires could cause them to refuse to use the product. 
 
 
 
5. Functionality 
Materials: Water balloon, speaker 
Location: BMED 328 
Training: N/A 
Size: n=10 Power: 1.0 
Step Instructions 
5.1 Begin a Skype video session and have two users stand on opposite sides of a room 
5.2 Place stethoscope in mitral area of body 
5.3 Have user on another end of stethoscope listen for heart sounds 
5.4 Ensure stethoscope heart sounds can be heard through headphones 
Test Rationale 
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To ensure stethoscope picks up heart sounds. 
 
This test makes sure the stethoscope is picking up the necessary sounds coming from the heart with minimal 
external noise and roadblocks. The heart sounds will not be blocked by muscle but the water in the balloon does 
simulate some of the distortion from the body on the heart sounds. This is an ideal situation to prove the 
stethoscope does not filter out necessary sounds. 
 
 
6. Durability 
Materials: Ruler 
Location: BMED 329 
Training: N/A 
Size: n=10 Power: 0.9 
Step Instructions 
6.1 Hold stethoscope 6 ft above ground 
6.2 Drop stethoscope directly onto solid flat concrete 
6.3  Check stethoscope for cracks 
6.4 Plug stethoscope into phone and ensure sound can still be heard through the microphone 
6.5 If no damage exists and stethoscope still functions device passes 
Test Rationale 
To ensure durability. 
 
This stethoscope will be often be shipped and could likely be dropped while being held. This test ensures the 
device can be dropped while being held and will not break causing frustration and the need to order a new one. It 
is important the device can withstand common wear and tear and still function as necessary.  
 
 
7. Range Specific Frequency 
Materials: MATLAB 
Location: 192-329 
Training: MATLAB Audio Processing 
Size: n=10 Power: 0.9 
Step Instructions 
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7.1 Import mitral area sound file from appendix 
7.2 Fill balloon with water 
7.3 Place balloon on top of speaker 
7.4 Play heart sounds through speaker 
7.5 Have one person stand in another room and start a video chat with user over skype 
7.6 Import original audio file and recorded file to MATLAB using audioread() function 
7.7 Perform a Fourier transform on both signals using the fft() function 
7.8 Take integral under ranges of 0-30 Hz, 30-60Hz, 60-100 Hz, 100-1000 Hz, and 1000-2000 Hz 
7.9 Compare integrals in regions and ensure that the output signal is within +/- 20% of input signal  
7.10 Expected outcome: All ranges will be within 25% of original signal. 
Test Rationale 
To ensure frequencies are not being filtered out. 
 
Because we are applying a filter to our device we must ensure this filter is not eliminating necessary sounds from 
the heart or lungs. This test ensures that the frequencies of the heart in an ideal situation are not eliminated when 
using our stethoscope in a realistic setting. If important frequencies are filtered out this could affect the accuracy 
of the physician's diagnosis and possible harm the patient. 
 
 
8. Fit Test 
Materials: N/A 
Location: BMED 329 
Training: N/A 
Size: n=5 Power: 1.0 
Step Instructions 
8.1 Take metal stethoscope head and insert it into the notch at the top of the otoscope 
8.2 Slide the metal stethoscope to the right to click it into place 
8.3 Ensure no major gaps exist between stethoscope and otoscope 
8.4 Remove stethoscope head from otoscope back 
8.5 Repeat this process five times 
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8.6 Check for any damage to otoscope back or stethoscope 
8.7 If no damage exists device passes 
Test Rationale 
To limit difficulty of use. 
 
Because the stethoscope interacts with the otoscope we must ensure that this fit is solid and easy to manipulate. 
The stethoscope must be able to fit on and off otoscope base with ease so that user can switch between the two 
functions.  
 
 
7.3.2 Results 
 
1. Drop Test 
 
Sample Pass/Fail Notes 
1 Pass From 6ft 
2 Pass From 6ft 
3 Pass From 6ft 
4 Pass From 6ft 
5 Pass From 6ft 
6 Pass From 6ft 
7 Pass From 6ft 
8 Pass From 6ft 
9 Pass From 6ft 
10 Pass From 6ft 
Power 1.0 PASS 
 
This data demonstrates that the prototype can safely be dropped from a height of 6 ft without worry of it 
breaking. This is good when considering shipping and handling. 
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2. Weight Test 
 
Sample Weight Pass/Fail (<0.5 lbs) Notes 
1 141.6 g  (.31 lb) Pass Excessive wire included in weight 
2 140.77g (.31 lb) Pass  
3 141.14g (.31 lb) Pass  
4 140.46g (.31 lb) Pass  
5 140.77g (.31 lb) Pass  
6 145.22g (.32 lb) Pass Base bigger than the rest 
7 140.69g (.31 lb) Pass  
8 141.09g (.31 lb) Pass  
9 141.79g (.31 lb) Pass  
10 140.66 (.31 lb) Pass  
Average 140.9 g  
St. Dev 0.49 g  
Power 1.0 PASS 
 
Below is the normality data and subsequent t-test for the weight data. Because the weight is normal a t-
test can be performed, and this t-test demonstrates that we are 95% confident our sound output will fall 
within the specified range and above our spec. 
 
 
 
 
 
 
 
Figure 7.3.2.1 Length normality test (p=0.450) and t-test results. 
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3. Fit Test 
 
Sample Pass/Fail Notes 
1 Pass Fit 5 times 
2 Pass  
3 Pass  
4 Pass  
5 Pass  
6 Fail Cracked immediately (due to printing) 
7 Pass  
8 Pass  
9 Pass  
10 Pass  
Power 0.90 PASS 
 
Due to the small features on the device parts to be printed high precision is needed when printing the 
parts. We were required to switch 3D printers for units 6-10. Due to this the printer used has less 
precision and the previous ones. The otoscope attachment cracked immediately when placing it on the 
base due to the tight fit. To limit this in the future precautions should be taken to use a higher precision 
3D printer or increase the tolerances on the part. 
 
4. Cost Tests 
 
Sample Cost Pass/Fail Notes 
1 $19 Fail Cost will be reduced with mass production 
Power 0 FAIL  
 
The only test failed was cost threshold. Although it is the belief of this group that through mass 
production of circuitry and microphones this cost can be greatly reduced within desired range. 
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5. Length Test 
 
Sample Pass/Fail Length 
1 Pass 19.00 in  
2 Pass 21.25 in 
3 Pass 21.18 in 
4 Pass 21.13 in 
5 Pass 21.13 in 
6 Pass 20.88 in 
7 Pass 21.13 in 
8 Pass 21.25 in 
9 Pass 20.75 in 
10 Pass 21.13 in 
Average 21.03 in 
St. Dev. 0.18 in 
Power 1.0 
 
Below is the normality data and subsequent t-test for the length data. Because the length is normal a t-
test can be performed, and this t-test demonstrates that we are 95% confident our sound output will fall 
within the specified range and below our spec. 
 
 
 
 
 
 
 
 
Figure 7.3.2.2 Length normality test (p=0.336) and t-test results. 
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6. Functionality Test 
 
Sample Pass/Fail Notes 
1 Pass Audio heard clearly over call 
2 Pass  
3 Pass  
4 Pass  
5 Pass  
6 Pass  
7 Pass  
8 Pass  
9 Pass  
10 Pass  
Power 1.0 PASS 
 
This data demonstrates the functionality of the prototype designed. While the frequency test below 
verifies no information is lost over the call the above data demonstrates that the heart sounds can clearly 
be heard over a Skype video call meaning it is usable for the purposes of House Calls Mobile. 
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7. Range Specific Frequency Test 
 
Sample 
Frequency Range 
Pass/Fail 0-20 Hz 
20-50 
Hz 
50-100 
Hz 
100-200 
Hz 
200-400 
Hz 
400-600 
Hz 
600-1000 
Hz 
1000-
2000 Hz 
1 -0.21% -4.50% 1.94% -24.71% 18.97% 3.45% 2.69% 4.38% PASS 
2 0.05% -5.02% -4.77% -23.65% 21.46% 4.16% 3.15% 4.63% PASS 
3 0.07% -5.49% -2.20% -22.89% 21.12% 4.41% 2.47% 2.51% PASS 
4 -0.23% -8.50% -1.41% -23.92% 22.97% 4.81% 3.00% 3.27% PASS 
5 0.03% -6.28% 3.65% -21.01% 22.83% 4.71% -2.23% -1.72% PASS 
6 0.05% -6.81% -3.10% -24.03% 22.34% 4.83% 3.62% 3.11% PASS 
7 -0.25% -8.57% -1.40% -23.87% 22.97% 4.82% 3.00% 3.28% PASS 
8 0.05% -6.21% 4.91% -21.82% 22.04% 4.63% -2.06% -1.54% PASS 
9 -0.01% -6.81% -3.30% -23.88% 22.38% 4.85% 3.63% 3.14% PASS 
10 -0.37% -7.50% 4.71% -24.68% 17.27% 3.59% 3.40% 3.59% PASS 
Ave. -0.08% -6.57% -0.10% -23.45% 21.44% 4.43% 2.07% 2.47%  
St. Dev. 0.16% 1.37% 3.58% 1.20% 1.89% 0.53% 2.25% 2.25%  
Power 1.0 PASS 
 
 
Below are the figures generated for the frequency range test. Figure 7.2.2 shows the pure heart sound 
with no transmission or filtering applied to the signal. This was the control signal used to compare all 
other recorded signals. The subsequent graphs show the recorded sounds over the conference call the 
associated Fast Fourier Transform. 
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Figure 7.3.2.3 All output heart sounds and FFT responses of range specific frequency tests 
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Below are the normality tests for the range specific frequency test and the subsequent t-test. Because all 
data is normal, and all 95% confidence intervals fall with 25% spec we can conclude that the prototype 
passed this test. 
 
 
 
   
Figure 7.3.2.4 All normality tests for range specific frequency tests of all frequency ranges 
Figure 7.3.2.5 T-test results and 95% confidence interval for all frequency ranges 
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8. Output Sound  
 
Sample Pass/Fail Output (dB) - ½ in. away 
1 Pass 67.7 
2 Pass 70.0 
3 Pass 71.3 
4 Pass 66.5 
5 Pass 70.9 
6 Pass 72.5 
7 Pass 71.0 
8 Pass 70.8 
9 Pass 69.2 
10 Pass 71.3 
Average 70.12 
St. Dev 1.83 
Power 1.0 
 
Below is the normality data and subsequent t-test for the sound output data. Because the output is normal 
a t-test can be performed, and this t-test demonstrates that we are 95% confident our sound output will 
fall within the specified range and above our specification. 
 
 
 
 
 
 
  
Figure 7.3.2.6 Normality test for sound output data and t-test results 
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8.0 Recommendations and Conclusions 
  
8.1 Recommendations 
This circuit design is ideal for analog filtering of the audio components in the stethoscope. To 
increase sound output a specialized audio amplifier should be added to the circuit to increase decibel 
level. To decrease cost digital filtering through a phone application could be applied but this would 
require intimate knowledge of video conferencing and programming. Because of the design of the 
connection between the otoscope and stethoscope a pediatric bell could be easily incorporated by 
purchasing a connection with the same diameter stem that can click onto the otoscope base. The current 
Virtual Stethoscope design is optimized for exclusion of background noise to allow for the use of a less 
expensive microphone attachment. Although in its current form it allows for communication between 
doctor and patient the above recommendations could allow for increase ease of use and improved 
aesthetics.   
 
8.2 Conclusions  
In conclusion, the Virtual Stethoscope prototype with the addition of the filter and one-sided 
stethoscope head is a success. The sound output was far superior to the prototype passed down to this 
group and clear audible and functional heart sounds were able to be heard from the device. Although the 
heart sounds transmitted over a call are still subtle, they are no quieter than listening to a heartbeat 
through a standard Littman stethoscope in person. The data shows this design is durable and able to 
withstand the expected environment this device will be in. Although this device costs more to 
manufacture than expected it is important that the customer knows what is required to produce a usable 
product and can take steps from there to reduce cost. This filter design successfully muffles external 
noise allowing for maximum transmission of heart sounds and thus improved patient diagnosis.  
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10.2         Appendix B: Project Plan (PERT Chart) 
 
10.2.1 PERT Chart Summary 
To meet all project specifications and deadlines, our team has drafted a PERT chart that underlines all 
the required activities for completion.  The first two weeks we have designated to Market/Project 
research, where we will meet with our sponsor and finalize all product specifications needed for design.  
The next five weeks we have designated to Design Development, where we will draft all component 
sketches and create a Bill of Materials for our product.  The final two weeks we will designate to 
Prototype Plan, where we will provide our manufacturing process instructions and develop a test plan.  
The full schedule of our project outline can be seen below. 
 
10.2.2 Key Deliverables and Timeline 
In table 10.2a below the key deliverables of each portion of the project are defined. 
 
Table 10.2a Timeline of Key deliverables 
 Task Name Duration Start Finish Predecessors 
 House Calls Mobile PERT chart 104 days Mon 1/14/19 Thu 6/6/19  
1 Product Specification Matrix 1 day Mon 1/14/19 Mon 1/14/19  
2 Meet with Sponsor 1 day Tue 1/15/19 Tue 1/15/19  
3 Refine Product Requirements 3 days Wed 1/16/19 Fri 1/18/19 2 
4 Material/Manufacturing Research 1 wk Wed 1/16/19 Tue 1/22/19 2 
5 Solidify Preliminary Design Specifications 2 days Wed 1/23/19 Thu 1/24/19 3,4 
6 Analyze/Sketch Existing Prototype 3 days Wed 1/16/19 Fri 1/18/19 2 
7 Confirm Mobile Phone Attachment 1 day Wed 1/16/19 Wed 1/16/19 2 
8 Examine Sound Quality 1 day Wed 1/16/19 Wed 1/16/19 2 
9 
Discuss Microphone Design/Issues w/ 
Audio Engineering Club 
1 day Thu 1/17/19 Thu 1/17/19 8 
10 
Research Unidirectional vs Omnidirectional 
Microphones 
1 day Fri 1/18/19 Fri 1/18/19 9,8 
11 
Test Sound Quality of One-Sided Head vs 
Double Sided 
3 days Fri 1/18/19 Tue 1/22/19 9 
12 
Research Sound Enhancing Material for 
Connection 
1 day Wed 1/23/19 Wed 1/23/19 11 
13 
Meet w/ Szlavik, Discuss Amplifier / PCB 
Circuit 
1 day Fri 1/18/19 Fri 1/18/19 9 
14 
Research/Purchase Forrest Mimms III 
Amplifier Instructions 
3 days Mon 1/21/19 Wed 1/23/19 13 
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15 Update Conceptual Plan Presentation 1 day Wed 1/23/19 Wed 1/23/19 10,11,13 
16 Consult with Audio Engineers at AudioCon 1 day Fri 1/18/19 Fri 1/18/19 9 
17 Finalize Best Microphone Option 1 wk Mon 1/21/19 Fri 1/25/19 13,16 
18 Update Budget Spreadsheet 1 day Mon 1/28/19 Mon 1/28/19 17 
19 Bill of Materials 1 day Mon 1/28/19 Mon 1/28/19 17 
20 Testing Proposed Microphone Assembly 3 days Mon 1/28/19 Wed 1/30/19 17 
21 Meet with Otoscope Group 1 day Thu 1/31/19 Thu 1/31/19 20 
22 Confirm Mechanical Design 3 days Thu 1/31/19 Mon 2/4/19 18,20 
23 
Meet with Sponsor to Confirm Proposed 
Design 
1 day Tue 2/5/19 Tue 2/5/19 22 
24 Confirm Purchasing of all Materials 2 days Tue 2/5/19 Wed 2/6/19 22 
25 Finalize Electrical Connections 2 wks Thu 2/7/19 Wed 2/20/19 24 
26 DHR 2 days Wed 2/6/19 Thu 2/7/19 23 
27 Preliminary Design Freeze 6 wks Fri 2/8/19 Thu 3/21/19 26 
28 Test preliminary design 3 wks Fri 3/22/19 Thu 4/11/19 27 
29 Modify Design 2 wks Fri 4/12/19 Thu 4/25/19 28 
30 Final design freeze 1 wk Fri 4/26/19 Thu 5/2/19 29,24,25 
31 Meet with audio engineering society 1 day Thu 2/21/19 Thu 2/21/19 25 
32 Meet with audio engineering society 2 days Fri 3/22/19 Mon 3/25/19 27 
33 First draft of final report 3 days Fri 2/8/19 Tue 2/12/19 26 
34 Build final design 1 wk Fri 4/26/19 Thu 5/2/19 29 
35 Test Audio/Final design 3 wks Fri 5/3/19 Thu 5/23/19 34,50 
36 Present test results 3 days Fri 5/24/19 Tue 5/28/19 
35,51,52,535
4,55,56,5758 
37 Final poster 1 wk Wed 5/29/19 Tue 6/4/19 36 
38 Final Report 2 wks Fri 5/24/19 Thu 6/6/19 35 
39 Order all materials 1 wk Fri 5/3/19 Thu 5/9/19 30 
40 Order any new materials 1 wk Fri 5/24/19 Thu 5/30/19 35 
41 PCB Design 3 wks Fri 5/3/19 Thu 5/23/19 30 
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10.2.3 PERT Chart 
Figure 10.2a below displays the planned PERT chart. See section 10.2.2 for Key to numbers. 
Critical path highlighted in red. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.2a Planned PERT chart. Critical path highlighted in red. 
 
  
 43 
10.3         Appendix C: CAD Drawings 
Pictured in figure 10.3a below is the proposed stethoscope design in CAD with the box containing 
filtering in black and a plastic disposable stethoscope head 
 
 
 
 
 
   
10.3a CAD drawings of stethoscope design 
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10.4         Appendix D: FMEA, Hazard & Risk Assessment 
 
10.4.1 FMEA 
Table 10.4 below displays the failure modes effects analysis for the proposed stethoscope 
design.  
 
Table 10.4 Failure modes Effects Analysis 
Component Name Possible Failure Mode Type Cause of Failure OCC DET SEV RPN Effect of Failure on System 
Microphone Microphone blockage Electrical Programming/man
ufacturing 
3 1 4 12 Loss of stethoscope functionality 
Microphone Coil pulled out of magnetic field Electrical Programming/man
ufacturing 
2 1 3 6 Reduced sound quality and functionality 
Microphone Interferes with other electrical signals 
inbody (ie. pacemaker) 
Electrical Close proximity to 
electrical device 
4 3 5 45 Electrical interference, potential minor harm to 
patient and reduced stethoscope functionality 
Microphone Insufficient microphone insulation Electrical Programming 1 1 2 2 Noisy data, reduced ability to diagnose patient 
AUX Connection Detaches from wire Electrical Manufacturing 2 1 4 8 Loss of stethoscope functionality 
AUX Connection High impedance Electrical Programming 3 2 4 24 Does not transmit real-time data 
AUX Connection Diameter too big or too small (does not fit) Mechanical Manufacturing 3 1 4 12 Loss of stethoscope functionality, no mobile 
connection 
AUX Connection Nonconductive material implemented Electrical Programming 2 1 4 8 Loss of stethoscope functionality 
AUX Connection Tip is bent or deformed Mechanical Usage or 
manufacturing 
2 1 3 3 Loss of stethoscope functionality, no mobile 
connection 
Wiring Failure to insulate Electrical Manufacturing 2 1 4 8 Disturbance of electrical signals reduced or lost 
functionality 
Wiring Crossed circuitry Electrical Programming 2 3 3 18 Incorrect or lack of signals transmitted, lost 
functionality 
Wiring Fraying/deterioration Electrical Usage or 
manufacturing 
3 1 3 9 Potential electrocution, disturbance of electrical 
signals 
Wiring Detaches from microphone Electrical Usage or 
manufacturing 
2 2 4 16 Loss of sound transmission 
Diaphragm Film Surface is scratched Mechanical Usage or 
manufacturing 
3 1 1 3 Surface fatigue wear 
Diaphragm Film Surface is punctured Mechanical Usage or 
manufacturing 
2 1 4 8 Impact fracture 
Diaphragm Film Detaches Mechanical Usage or 
manufacturing 
2 1 4 8 Loss of sound filter/quality and functionality 
Low pass filter Wire detaches Electrical Improper Soldering 2 1 2 4 Breakage of circuit and nonfunctional device 
Low pass filter Frayed wiring Electrical Rough handling 2 1 2 4 Inferior sound quality 
Low pass filter Crack in capsule Mechanical Rough handling 3 2 3 18 Water entry leading to short circuit and 
potential shock 
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10.4.2 Hazard and Risk Assessment 
  
Table 10.4.2 Hazard/ Risk Assessment  
Hazard in Building Mitigation 
Electric shock from wiring Wear protective gloves when working with wiring 
Eardrum damage from loud noise produced by 
device 
Ensure volume on phone starts at lowest value then is slowly 
increased 
RF interference with pacemaker on worker Ensure all working with electric wiring and testing do not have 
pacemaker or life-sustaining circuitry 
Inhalation of fumes from adhesive or solder Wear protective masks when working with glue 
Pinch point between stethoscope and microphone 
connection 
Hold all parts to be connected from the middle 
Burn when soldering Where protective gloves when soldering 
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10.5         Appendix E: Pugh Chart 
For concept idea descriptions see prototypes section. 
 
Pugh Chart  
Table 10.5 below displays the Pugh chart comparing the three proposed concept ideas to the widely used 
Littman stethoscope.  
 
Table 10.5 Pugh Chart 
Selection Criteria  
 
 
 
 
 
 
Littman 
stethoscope 
One-sided Head Tactile Transducer Shotgun Microphone 
Lightweight + - - 
Cost S - - 
Sound Quality S + + 
Usability + - - 
Microphone Sensitivity - + + 
Disposability + - - 
# Pluses 3 2 2 
# Minuses 1 4 4 
 
In looking at the Pugh chart it appears the best option would be the one-sided stethoscope with a low-
pass filter. The tactile transducer would likely be too expensive to implement in a stethoscope with the 
criteria we are working with. The size of our device highly limits the available products that can be 
implemented into the design. Similarly, the shotgun microphone would probably be too bulky to attach 
to the stethoscope head making it difficult to use by the elderly or physically impaired. The one-sided 
stethoscope would cut out a large portion of the noise from the surrounding environment because the 
main entry point for sound would be pressed up against the patient’s chest. It was found that both lung 
and heart sounds can clearly be heard through just the diaphragm side of the stethoscope head and 
eliminating the bell side significantly decreases outside noise infiltration. The low pass filter would 
further help to cut out the high frequency noises from people speaking. Throughout this design, cost 
must be kept in mind. If the implementation of a filter becomes too expensive we must consider other 
options. 
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10.6         Appendix F: Vendor Information, Specifications, 
  and Data Sheets 
 
10.6.1 Microphone Data Sheets 
Table 10.6a Lavier AT829-SP Microphone Specifications 
 
 
10.6.2 Circuit Component Data Sheets 
 
Component Data Sheet Link 
0.1 uF Capacitor 
https://content.kemet.com/datasheets/KEM_C1090_X7R
_ESD.pdf 
1k, 220k and 470kOhm Resistor 
https://www.te.com/commerce/DocumentDelivery/DDE
Controller?Action=srchrtrv&DocNm=1773200&DocTyp
e=DS&DocLang=English 
0.033uF Capacitor http://www.cde.com/resources/catalogs/FCP.pdf 
220pF Capacitor 
https://industrial.panasonic.com/ww/products/capacitors/
film-capacitors/film-cap-
electroequip/echux/ECHU1C221GX5 
Coin Battery Retainer https://www.keyelco.com/userAssets/file/M65p9.pdf 
3.5mm Conn Plug Stereo 
https://www.digikey.com/products/en?keywords=NCS20
01SQ2T2GOSCT-ND 
Switch https://www.ckswitches.com/media/1428/os.pdf 
IC Op Amp 
https://www.onsemi.com/pub/Collateral/NCS2001-
D.PDF 
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10.7         Appendix G: Budget 
 
Table 10.7a Total Budget 
Item Description Product Number Source 
Cost Per 
Unit 
Number of 
Units Total 
Lavalier Microphone 411349235 Mic-J $6.99 10 $69.90 
E600MV Epoxy 237032 
Allied Electronics and 
Automation $2.99 1 $2.99 
Black 1.75 mm PLA Filament 10551 Monoprice $19.99 1 $19.99 
Solder Wire 1886 ADAFruit $6.95 10 $69.50 
Aluminum One-Sided 
Stethoscope Head 6147 American Educational $5.99 10 $59.90 
0.1 uF Capacitor 399-14185-1-ND Digikey $0.17 20 $3.46 
470kOhm Resistor A102278CT-ND Digikey $0.33 40 $13.28 
220k Ohm Resistor 338-4082-1-ND Digikey $0.39 20 $7.88 
0.033uF Capacitor A103064CT-ND Digikey $0.53 20 $10.54 
1k Ohm Resistor A10222GCT-ND Digikey $0.14 30 $4.20 
220pF Capacitor PCF1445CT-ND Digikey $0.34 20 $6.86 
Coin Battery Retainer 36-3034CT-ND Digikey $0.37 10 $3.65 
3.5mm Conn Plug Stereo 839-1239-ND Digikey $3.15 10 $31.51 
Switch CKN9559-ND Digikey $0.39 10 $3.85 
IC Op Amp 
NCS2001SQ2T2
GOSCT-NT Digikey $0.70 10 $7.04 
PCB Custom Bay Area Circuits $1.41 10 $14.10 
Total $328.65 
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10.8         Appendix H: IQ Receipts 
 
Below are the receipts for all items ordered in the production of a virtual stethoscope. No PLA filament is 
listed because this was provided by Innovation Sandbox on the Cal Poly campus. 
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